INTRODUCTION
The functional relationship between radiation-induced cellular responses (such as apoptosis, DNA repair, etc.) and radiationmediated changes in gene expression has been explored by a number of different laboratories in the past several years [1.-15] . Genes induced after radiation exposure include those encoding cytokines [l-31 , cell cycle arrest proteins [ 4 , 5 ] , viruses [6-81 , cell signal transducing agents [ 9 , 1 0 ] , cytoskeletal elements [ 1 1 , 1 2 1 , apoptosis-associated proteins [13], and a variety of unknown genes [4, 14, 15] . However, the precise role that this specific gene induction plays in the functional consequences of radiation exposure is still unknown.
In the experiments reported here, we set out first to explore the relationship between cell passage number and generation doubling time, plating efficiency, UV and radiosensitivity, and cell growth. Second, we designed experiments to examine relative gene expression as a consequence of radiation exposure and cell passage number. We chose the SHE3 cells for these studies because of the large body of literature examining radiation effects on these normal cells [I, 9,11-13,16] , our previous experience with these cells, and the well-known growth characteristics of these cells 11,161. 9434 
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The experiments reported here establish the following as a consequence of increasing cell passage number: decreased cell doubling time, decreased saturation (cell yield/plate), and increased plating efficiency. In addition, a reversion in the W sensitivity of confluent and log-phase cells was apparent. At early passage (passage 3 ) the confluent cells are more-sensitive to the killing effects of U V than log phase cells; at intermediate passage the log phase became more sensitive than the confluent cells and at late passage the exponentially growing cells are equally as sensitive as the confluent cells. These changes are accompanied with changes in control, y-ray, and W-induced gene expression. Ionizing radiation sensitivities did not change with passage number, but changes in gene expression were also evident in control and y-ray exposed cells.
MATERIALS AND METHODS

Cells and Culture Conditions
In all experiments, we examined the modulation of gene expression after exposure to W and ionizing radiations in SHE fibroblasts; primary cultures were normal diploid cells that could be neoplastically transformed by low doses of ionizing radiation [1,161 - [1, 9, [11] [12] [13] 161 , and these cells appeared similar in morphology to the others at early passages.
Radiation Treatments
For y-ray exposures, cells were plated in 100-mm Petri plates containing 10 ml medium and irradiated with 6oCo y rays at the indicated doses and dose rates. All irradiations were performed with the cells kept at 37 OC. Control cells were taken to the radiation chamber but not exposed to radiation. Plates of cells were then incubated at 37 OC for 1 or 3 h after irradiation but before harvest of the RNA. 9434 8
Exposures to 254-nm W radiation were carried out at room temperature by using a GE60TS 30-W germicidal lamp (General Electric) that was contained in a sterile hood. The irradiations were at a distance of 55.6 cm from the source. The dose rate for all exposures to W C radiation was 2.5 J.m-2.s-1. The media were removed from the 100-mm plates, and the plates were.washed once with cold phosphate-buffered saline and irradiated without covers.
The media were replaced immediately after irradiation.
Parameters of Cell Growth
Determination of cell doubling times, plating efficiencies, and the numbers of cells per plate was carried out as described previously [1, 17] . Viable cell counts (based on > l o 0 0 cells) were determined by trypan blue dye exclusion. Cell survival experiments were determined by cell survival in 8-day colony assays [17-191. Purification of RNA and Northern B l o t s RNA was prepared by isolation in 3 M guanidine isothiocynate, extraction with phenol, and precipitation from 3 M sodium acetate, p H 6.0 [14, 16, 17] . Purified RNA was obtained by digestion with DNase I (37 OC for 1 h) . P o l y A + RNA was purified and Northern blots were performed as described previously [1, 9] . Total a n d
PolyAt RNA were used as indicated throughout the paper. 
Differential Display
The following primers were used f o r all experiments reported here : one 3 ' primer : (TI lrCA : TTTTTTTTTTTCA; one 5 ' primer :
R1: TCCTGTGACC .
RNA template was mixed with 20 pM of (T),,XY primer in a total volume of 19 pl of 1 x reaction buffer (50 mM Tris HC1 [pH 8 . 3 
RESULTS
Effects of Passage Number on Cell Growth
SHE-H3
fibroblasts were harvested directly from pooled hamster embryos derived from the second pregnancy of five different mothers; cells were cultured for up to 6 8 passages and mGnitored for the various parameters of cell growth at specific passages. 
Effects of Passage Number on Radiosensitivity
The next series of experiments were performed to determine the effects of cell passage number on sensitivity to ionizing and W radiations. Fig. 3 . In Figure   3A , it is apparent that passage 3 cells had increased W-resistance when in log phase. Figure 3B demonstrates 
Effects of Passage Number on Gene Expression
Initially, we set out to examine the expression of several known genes as a function of passage number and radiation exposure. Effects of W exposure (5-75 J m -2 ) administered at a dose-rate of 2.5 Jm-?/sec) on SHE cells from the same passages described above (for y-ray exposures) similarly revealed that changes in y-actin and PCNA RNA were passage-related and not affected by U V exposure.
p53 was not induced following U V exposure of cells from any passage, including the H3CE epithelial cells which showed p53 m N A induction following y-ray exposure above (data not shown). This suggests that p53 induction in epidermal cells may be specific for y-rays.
Overall, these experiments suggested little effect of cell passage on radiation-mediated gene expression. We therefore perforined cDNA differential display to examine gene expression in a less directed manner. Figure 5 The appearance of a 'crisis" period in long-term cultures is well documented in the literature [20-221. It has been hypothesized that this is related to the achievement of growth factor independence in the culture, another step associated with increasing transformation. The fact that this crisis is associated with lower serum requirements confirms a possible growth factor influence. This is further supported by the finding that fewer cells per plate and decreased cell doubling time also occur with increasing passage number. Autocrine growth factors may replace exogenous factors during the crisis period.
Studies of changes in expression of known genes with radiation
exposure and cell passage number revealed few differences. y-actin mRNA was unaffected by exposure to y-rays, or irradiation, a result which is consistent with previous work from our group [11, 12] .
PCNA expression also did not change following exposure to W or yrays, although the early passage (passage 11 fibroblasts expressed lower levels than the intermediate passage cells. This is not surprising in light of the fact that PCNA is a cell cycle-specific transcript [23] and that later passage cells have an increased doubling time relative to the early passage cells (Fig. 2) We observed no changes in radiation-mediated gene expression during the first hour following radiation exposure as a function of passage alone, using specific gene probes. Therefore, we used differential display to determine whether any radiation-induced genes are modulated as a function of cell passage. [1, 6, 9, [11] [12] [13] 161 , and other groups [ 2 -5 , 7 'All cells grown in medium DH-lOA.
- Table 2 . Survival assay of SHE cells exposed to 6oCo y rays" y-ray-exposed ( y ) , or W-exposed ( W ) cells. RNA was harvested 1 h after completion of the exposure. Gammaray exposures were 96 cGy at a dose rate of 14 cGy/min. 
Figure 3B
